Twenty patients with ventricular septal defect and aortic regurgitation had surgical correction using cardiopulmonary bypass. Direct suture of the ventricular defect through the aorta and repair or replacement of the aortic valve were performed. Homograft replacement of the aortic valve was preferred to repair and was associated with less aortic regurgitation after operation. There were one operative death and one late death due to aortic regurgitation. Follow-up for 1 to 6 years showed that 17 of the 18 survivors have had a satisfactory result.
T HE ASSOCIATION of aortic regurgitation with ventricular septal defect is well known. Views about the pathology and surgical treatment of this combination of lesions have differed. Robinson and co-workers ' and Blumenthal and his colleagues2 believe that the prolapsed right coronary cusp causing aortic regurgitation is related to the site of the ventricular septal defect and that closure of the defect early in the natural history may prevent or cure aortic regurgitation. Ellis and associates3 found that the ventricular septal defect was often relatively small and that repair of the aortic valve as well as closure of the ventricular septal defect was necessary to improve the patient. In the current series, the aortic valve abnormality has been considered to be a related but an important separate congenital abnormality from the ventricular septal defect and repair or replacement of the aortic valve has been performed in all patients.
Angiocardiography
Group Studied Twenty patients with ventricular septal defect and aortic regurgitation were operated on (by D.N.R.) using cardiopulmonary bypass between January 1963 and March 1969. The clinical details, electrocardiograms, and chest roentgenograms were studied before and after surgery. Results
Clinical Features
The clinical data has been summarized in table 1. Patients were aged seven to 46 years at the time of surgery. Fifteen of the patients were under 20 years, and three of the 15 were below 10 years. There were 14 males and six females. A murmur was heard during infancy in 13 patients and detected in childhood in all the rest, except for patient 6 in whom it was noted for the first time at 36 years of age during bacterial endocarditis. It is presumed that the murmur noted in infancy was systolic since the clinical diagnosis of aortic regurgitation or the documentation of an immediate diastolic murmur was made after the age of 3 years in all except patient 2 in whom aortic regurgitation was noted in the first year. The pathologic abnormality in the 317 SOMERVILLE ET AL. A pansystolic murmur with a thrill was present in every patient except the cyanosed patient who had a long ejection systolic murmur. An additional ejection systolic murmur was recorded in five patients all of whom had a pressure gradient across the outflow tract of the right ventricle. An immediate diastolic murmur was constantly present but was not associated with a thrill in any; delayed apical diastolic murmurs were noted in four patients with severe aortic regurgitation. In these patients the measured pulmonary blood flow was less than twice the systemic flow; thus it was assumed that this murmur was an Austin Flint type and related to the aortic regurgitation. Analysis of the second sound was difficult as aortic valve closure (A2) was often drowned by the loud systolic murmur ( fig. 1 ).
Electrocardiogram
Sinus rhythm was present in all patients. Widened P waves due to left atrial enlargement were seen in four, all of whom had important dyspnea. A QRS in the frontal plane was between +200 and +90' in 17 patients, and right axis deviation was present in six. Five patients with left axis deviation (-30 ) had gross aortic regurgitation and as the ventricular septal defect was in the usual Cardiac enlargement was present in all patients and was gross in 15 with cardiothoracic ratios of 60 to 80% ( fig. 3 ). Left atrial enlargement was present in seven. Eleven of this group had right heart catheterization which confirmed a left-to-right shunt in 10. The aorta was prominent in its ascending portion or knuckle, or both, in 11 patients. The aortic arch was always left sided.
Thirteen patients were considered to have pulmonary plethora by clinicians, but independent assessment by radiologists diagnosed it in only eight, although the left-to-right Chest radiographs. (A) Before and (B) 6 In 16 patients the ventricular septal defect was only visualized from the left side through the aortic valve; thus its exact relationship to the crista supraventricularis is uncertain. The defect was directly beneath the right coronary cusp in 10 patients, beneath the right and noncoronary cusps in eight, the noncoronary cusp in one, and the right and left coronary cusps in one.
Inspection of the right ventricular side of the defect in four patients showed that the defect was infracristal in two and supracristal in two. In 12 of the 16 defects viewed only from the left side, a probe passed through the defect led into the right ventricular outflow tract under the pulmonary valve and therefore, it was assumed that these defects were supracristal. In four the site of the defect in relation to the crista was uncertain, but the The dilated thin-walled appearance of the ascending aorta in case 20 suggested cystic medial necrosis. Dissection occurred after removal of the aortic clamp and the aorta had to be partially replaced and reinforced with Dacron.
Surgical Technic
All patients were operated on at normal temperature with use of a bubble type oxygenator and a dilute blood prime.
In every case the aorta was opened first and after confirmation of the diagnosis, bilateral coronary perfusion was set up. Coronary perfusion was not used in the early cases in the series, but it was subsequently considered necessary in patients with such diseased left ventricles, as the time on bypass varied from 50 to 130 minutes. Access to the ventricular septal defect was through the aorta after retraction of the right coronary and noncoronary CUSpS. 4 The follow-up of the survivors has extended for 6 months to 6 years. Seven patients have been followed less than 2 years; the rest, for longer periods. All were asymptomatic. No patient has developed a pansystolic murmur in the postoperative period; it has been assumed, therefore, that the ventricular septal defect has remained closed in all the survivors.
The fate of patients in relation to the type of operation on the aortic valve has been summarized in table 3. Of 11 survivors with aortic homografts three have aortic regurgitation. In two it is trival and has been present since operation; in the third (case 13), it appeared dramatically with dyspnea 16 months after operation when a diastolic thrill was noted. Prior fig. 2 ). Depressed S-T segments and T inversion disappeared from the ECGs of five patients after 1 year but remained in the ECGs of seven others. During the first 6 months after operation the T-wave changes worsened in seven patients, presumably due to myopericarditis which so frequently follows cardiac surgery. The heart size diminished in all. No patient has had bacterial endocarditis following operation, but strict prophylactic measures have been advised for skin sepsis and any dental manipulations because bacteria may infect the homograft or the repaired aortic valve.
Discussion
The combination of these lesions has been described as a ventricular septal defect and prolapsed aortic cusp. Indeed, Blumenthal and associates2 have suggested that the high ventricular septal defect is the primary lesion allowing prolapse of the adjacent supernmposed right coronary cusp with subsequent development of aortic regurgitation. While this was a feature in a few cases, surgical experience in this series has shown that this view cannot satisfy all cases, for the aortic valve is often abnormal in several respects and more than one cusp is usually involved. In six of the 20 cases (30%), all aortic cusps were abnormal. This suggests that prolapse of one cusp is not necessarily the prime cause of aortic regurgitation although it is possible that once a leak has occurred because of malposition of one cusp, the others may become rolled and thickened from the trauma of the regurgitant jet.
Blumenthal's view is probably correct in some patients with aortic regurgitation and ventricular septal defect, namely in the small group in which one aortic cusp is prolapsing into the defect. Aortic regurgitation appears to increase in severity with age, and its appearance after infancy in the majority might also lend support to the "prolapse" concept cusp repair than after insertion of the cadaver aortic homograft. There was suggestive evidence from serial examination that after repair aortic regurgitation tended to increase whereas it was usually static, if present, after the use of the homograft with the exception of the unusual behavior in case 13.
Homograft replacement has been considered to be more acceptable than valve repair and five of the homografts appear to be functioning well after 3 to 6 years and have shown no signs of deterioration. Assessment of valve calcification may be inaccurate as appropriate chest radiographs were not always taken. We believe that all patients with graft replacement of the valve should have careful radiologic assessment for calcification at 6-month intervals. It is hoped that in the future a living pulmonary autograft replacement of the abnormal aortic valve8 will provide a permanent living replacement which may have the potential to grow with the child, although sometimes minor abnormalities of the pulmonary valve are to be expected with this bulbar disturbance and this may preclude the use of the patient's own pulmonary valve. Valves made from the patient's own fascia lata have been used to replace the damaged aortic valve and, as living tissue, may have a useful place and be likely to function better than the fascial extensions used in some of the patients in this series. Fortunately, most of these patients can await surgery until the second decade when growth is nearly or totally completed.
Clinically and surgically the ventricular septal defect is of less importance than the aortic valve lesion. Not infrequently in these cases the ventricular septal defect is unsuspected and right heart catheterization may fail to demonstrate a shunt. Clues to the presence of a ventricular septal defect with the aortic regurgitation are early recognition of a heart murmur in infancy, a long, roaring systolic murmur at the left sternal edge in the absence of other features of aortic stenosis, evidence of right axis deviation and right ventricular hypertrophy in the electrocardiogram, and of pulmonary plethora in the chest radiograph. Pulmonary hypertension was uncommon in our group as in other series.9 10 When present in two patients, it was related to left heart failure and not to the size of the ventricular septal defect.
Aortography, using cineangiocardiography or still films, confirmed the clinical diagnosis of aortic regurgitation but rarely gave an accurate idea of the anatomic abnormality in the valve. Regurgitation into the right ventricle from the aorta may account for some of the right ventricular dilatation and hypertrophy. Left ventricular angiocardiography provided useful information about the anatomy of the defect, and it is recommended that this investigation be done in all suspected cases.
In view of the frequent need to replace the aortic valve to restore competence or good function, surgery should be deferred when possible until at or after the time of skeletal maturity. However, since aortic regurgitation is progressive in these patients and deterioration may be rapid,2 10, 11 careful and regular supervision is required. Surgery should be undertaken quickly in the patient with gross cardiac enlargement or severe left ventricular hypertrophy irrespective of age even in the absence of symptoms.
Ventricular septal defect with aortic regurgitation is relatively uncommon but, when associated with gross cardiomegaly or symptoms, or both, demands surgical attention. Homograft or autograft replacement of the aortic valve when repair of the valve cannot produce competency is the treatment of choice. The place of fascia lata valves has yet to be explored.
